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Abstract
The vibration load caused by the impact and explosion in construction exerts great influence on the surrounding earth. 
Therefore, the safe operating condition of gas pipeline is seriously influenced. For the first time, by use of smart 
microseismic monitoring system, such vibration caused by the impact and explosion is monitored and analyzed. First, 
it reveals the transmission law of vibrating wave forms. Second, the coupling calculating models of pipeline earth 
under the influence of vibration is built. Finally, the characteristics of exerted force and transformation of earth-
pipeline system are analyzed. According to these microseismic data obtained from the spot and numerical simulation 
method, the dynamic response of underground pipeline under compound vibration is studied; nonlinear mathematical
model theory and method for coupling effects of earth and pipeline are built; the effects of vibration to pipeline are 
assessed; the feasible assessing method of safe operating condition of gas pipeline under vibration is explored and 
developed.
Keywords: vibration load microseismic monitoring  blasting gas pipeline
1. Introduction
Zhangjiakou-Shijiazhuang expressway is one of “5 vertical” of “5 vertical, 6 horizontal and 7 lines” 
projects, planned by Hebei province. It is also one of “6+3”projects of Hebei province. The Laiyuan-
Quyang section of Zhangjiakou-Shijiazhuang expressway starts from K33+900 ends at K126+541.1, with 
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a whole length of 92.65 km. The N7, N8, N9 and N14 sections cross over Shanxi-Beijing gas pipeline. 
Besides, there is bridge foundation construction within the distance of 50 km to the center line of gas 
pipeline.
Shanxi-Beijing gas pipeline is a huge pipe project, buried under the earth with a depth of 1 to 5 meters. 
With high inner pressure and large radius, once leaking, it will easily cause fire and explosion, which lead 
great loss in life and properties, and also affect the production and living conditions of the people in 
Beijing. To make sure that the bridge foundation construction won’t affect the safe operating conditions of 
gas pipeline, it is necessary to monitor the vibration of bridge foundations in the process of construction. 
Meantime, the effects of vibration to pipeline are assessed; the feasible assessing method of safe operating
condition of gas pipeline under vibration is explored and developed.
2. Microseismic Monitoring
2.1. Microseismic Monitoring and stations allocation
The bridge area is the riverbed of Juma River. There are rise and fall in geography. In the riverbed, 
there are sand loam, cobbly soil and boulder soil, with a depth of 9-24.5 m. Below the riverbed, there is 
Yanshan granite, joint fissures and these stones are comparably unbroken. There isn’t bad geographical 
phenomenon in the area.
In the spot, the microseismic monitoring experiment is in the left side of 4-1 bridge foundation, No. 
8 Juma River Bridge, N9 section. The distance is 13 m from the foundation to pipeline. In the 
construction, CZ60 percussive hammer is used, with a weight of 4.8 t. Microseismic monitoring stations 
allocation as Fig.1 shows.
In order to increase the geophone coverage and ensure accurate event location to be determined, four
3-component geophones were deployed at different location. All of the geophones were cemented into 
boreholes in order to increase their coupling with the soil. The geophones were connected to the 
microseismic acquisition system through cables. The microseismic system used for this trial is HZ-MS48 
microseismic recording system made by Chengdu Huanzhou Science and Technology Ltd. This system 
was designed specifically for monitoring rock failures associated with mining and civil engineering.
According to the excavating depths, the monitoring experiment lasts for half month. In each trial, the 
height of percussive hammer is increased to 0.5m, 1.0m, 1.5m, 2m and 2.5m, 5 teams in total.
Fig.1 Schematic diagram of monitoring stations allocation
2.2. Typical waves of microseismic in pile foundation construction
After the experiment, the microseismic data are processed by special software and the waves are 
analysed. Figure 2 and figure 3 show the typical waves selected from the spot. Among this, n, e, v are the 
signals of horizontal radial, horizontal tangential and vertical directions.
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2.3. Decay characteristic of wave energe of pulse vibration
The relationship between vibration energe E and vibration acceleration a [6] 
LnaE 8271.07849.310 +=                         (1) 
 
(a) Percussive hammer hoisted 1m                               (b) Percussive hammer hoisted 2m
Fig.2 Typical three component waveforms of microseismic events of hammer different lifting height
 
(a) Depth of pile foundation excavation 5m                  (b) Depth of pile foundation excavation 11m
Fig.3 Typical three component waveforms of microseismic events at different depth of pile foundation excavation
 
  From equation (1), the value of wave energe can be calculated. Figure 4 illustrates the decay 
characteristic of vibration energe with the propagation distance [3].
 
Fig.4 Variation curves of each station energy
From figure 4, the tendency of decay characteristic is as same as the tendency of vibration acceleration. 
The vibration energe in the vertical direction is the main energe. The vibration energe in the three 
directions will decrease according to the power law correlation with the increase of propagation distance. 
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In the initial, it decays very fast and then slows down after some distance. Meanwhile, the decay power in 
the horizontal radial direction is larger than the other directions, with a value of 6.0973.
2.4. Influence of percussive hammer height
In the construction, the pulse energe is the main factor that affects vibration velocity. And the pulse 
energe is determined by percussive distance and percussive hammer mass. Figure 5 shows the 
relationship between vibration velocity and percussive distance with the variation of percussive hammer
height.
 
Fig.5 Variation curves of the maximum vibration velocity of hammer different lifting height
From figure 5, with the increase of percussive hammer height, the decreasing tendency of vibration 
velocity is almost the same. The vibration velocity will increase when percussive hammer height 
increases. As a result, if the construction will cause bad influences to adjacent buildings, percussive 
hammer height should be lowered while percussive hammer mass is maintained.
2.5. Influence of pile foundation depth
With the variation of pile foundation depth, vibration velocity will also vary. Figure 6 shows the 
vibration velocity when the pile foundation depths are 2m, 5m, 8m ,11m, 4m, 17m, 20m and 23m. Form 
these curves, when the distance to the center of pile foundation is fixed, the vibration velocity will 
decrease with the increase of pile foundation depth. When the depth is between 11m and 14m, the 
decaying range is large, probably due to soft soil.
 
Fig.6 Variation curves of the maximum vibration velocity with the pile foundation depth 
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3. Blasting vibration Monitoring
3.1. Pile geology and distribution of monitoring of explosion and vibration
The N9 section of Zhangjiakou-Shijiazhuang expressway is located in the boundary of Laiyuan and 
Yixian. The geology belongs to Taihang mountain middle-low mountainous area, “U” type erosion and 
accumulation of river valley and erosional terraces. There is rise and fall in the landform. On the surface 
of the pile, there is soil with a thickness of 40cm. Below it, there is cobbly soil. In the depth of 6m, there 
is weak-weathered Monzonite Granite, gray, maculosus, bulk-shaped, joint fissures and comparably 
broken granite.
The bridge foundation of No.9 bridge of Juma river is cylindrical and pier foundation, with a radius 
of 1.8m, within the distance of 50m to the gas pipeline. From the gas pipeline to the 9-2 pile of left part,
the distance is 6.2m. From the gas pipeline to the 9-1 pile of right part, the distance is 8.2m. Figure 7 
shows the distribution of monitoring spots.
Fig. 7 Schematic layout of testing points of J-N9 Bridge
3.2. Test results of explosion and vibration
The explosion happens in the 10-1 pile of left part, whose center is 15.1m far from Shanxi-Beijing 
gas pipeline. Wei Xiaolin[7] etc. have indicated that for the seismic wave of close and shallow explosion, 
the wave will decay very rapidly with the increase of propagation distance, because high frequency 
subwave decay faster than low frequency subwave. Zhang Jichun etc. also indicated that wave near the 
explosion area decays faster than farther areas[8]. According to the spot situation, table1 shows 4 typical 
explosion data. Figure 8 shows the relationship between the maximum vibration velocity and distance, 
with the variation of excavation depth.
 
Table1 Part data of blasting vibration test
Test 
Number
Measuring 
point 
number
Total 
charge
Q/kg
Maximum 
charge
q/kg
Depth of 
pile 
foundation 
h/m
Blasting 
Center R/m
Vertical velocity
v/cm/s
Frequency
f/Hz
1
1
7.2 2.4 10.2
10.1 3.98 107.42
2 11.1 3.95 107.42
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3 12.8 2.69 96.39
4 15.1 2.07 75.68
2
1
7.5 2.4 11
10.1 2.75 84.23
2 11.1 2.21 113.53
3 12.1 2.08 113.53
4 12.8 1.95 100
3
1
7.5 2.4 11.9
10.1 4.01 116.58
2 11.1 3.00 117.19
3 12.1 2.30 116.57
4 15.1 1.90 72.73
5 17 1.68 94.12
4
1
8.1 2.4 14.5
10.1 3.89 87.28
2 11.1 3.8 97.05
3 12.1 3.54 103.76
4 12.8 2.72 97.56
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Fig. 8 Blasting vibration max velocity attenuated with distance increased at different depth of pile foundation excavation
4. Influence of impact and explosion to gas pipeline
Supposing on the same bridge foundation, there are impact construction and also explosion 
construction. Besides, the waves generated by the two ways of constructions will add in the most serious 
condition, or the peaks will add. As a result, the compound wave will cause bad effects to the adjacent
buried pipeline. Under the condition of natural seismic wave, the particle vibration acceleration and 
transformation of the pipeline will be discussed.
4.1 Axial strain combination of gas pipeline
The random external vibration won’t influence the integrality and continuity of the earth. The 
pipeline is still in the state of earth solidification. The whole load in the operating condition is supported 
by the pipeline. So, the maximum axial strain of compression and stretch caused by vibration, the 
combination of strain ε L under the operating condition can be calculated[9] according to reference [10].
(1)If the pipeline is compressed,
                                [ ]νεεε cLc ≤+max                                                      (1)
In the equation：
[ ]νε c is allowable compression strain，and the value is 0.46%； Lε is axial strain,
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and the value is 9.72*10-4; maxcε is max axial compression strain, and the value is ≥maxcε －3.63*10
-3。
(2)If the pipeline is stretched,
[ ]νεεε tLt ≤+max                                                                 (2)
In the equation： [ ]νε t is allowable stretch strain，and the value is 1.0%； Lε is axial strain，and 
the value is 9.72*10-4； maxtε is max axial stretch strain，and the value is ≤maxtε 9.03*10
-3。
4.2 Particle vibration acceleration that the buried pipeline can withstand
According to reference [10], the max axial strain of the buried pipeline under the effects of seismic 
wave can be gotten from the equation given as below:
                                  
C
Tg
π
α
ε
4max
±=                                                                    (3)
In the equation：α is the maximum acceleration of the seismic wave, Tg is the response spectral
period of the seismic, C is the on site shear wave velocity.
Transforming equation (3) and the calculation equation for the compression and stretch can be 
gotten:
g
t
TC
max
max
4πεα
=





                                                               (4)
g
c
TC
max
max
4πεα
−=





                                                          (5)
Combining the data from the spot and equation (4) and (5), the results are shown in table 2.
4.3 Discuss of the influence of compound wave to gas pipeline
According to the worst principle, supposing that the impact and explosion wave reach maximum at 
the same time, the monitoring places of the impact and explosion are the same or close, and the
excavating depths are close, the compound acceleration can be gotten, just as figure 9 and figure 10 show. 
The maximum compound acceleration is shown in table 2.
-250
-200
-150
-100
-50
0
50
100
150
200
250
300
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
T(s)
ac
ce
le
ra
ti
on
(m
/s
2
*1
0-
2
)
-40
-30
-20
-10
0
10
20
30
40
50
60
-0.1 0 0.1 0.2 0.3 0.4 0.5
T(s)
ac
ce
le
ra
ti
on
(m
/s
2
*1
0-
2
)
       (a) percussive hammer hoisted 1m           (b) percussive hammer hoisted 2m
Fig. 9 Synthetic acceleration curve of different height of percussive hammer hoisted and blasting
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(a) Depth of pile foundation excavation 5m      (b) Depth of pile foundation excavation 11m
Fig. 10 Synthetic acceleration curve of different depth of pile foundation excavation and blasting
Table2 Comparison table of Microeismic and synthetic vibration waves to effects of gas pipeline 
On site soil type Medium Weak
characteristic period of seismic response 
spectrum Tg（s）
0.3 0.45 0.65 0.7 0.8 0.9
max






C
α Stretch 0.38 0.25 0.17 0.16 0.14 0.13
Compression
0.13 0.09 0.06 0.06 0.05 0.04
On site Shear wave velocity C（m/s） 500 300 150 140 100 50
Max acceleration of seismic
vibration waves  α（m/s2）
Stretch 190.0 79.0 26.6 22.4 14.0 7.0
Compression 69.0 25.8 9.0 7.7 4.8 2.2
Max acceleration of synthetic vibration waves α
（m/s2） 2.54 2.16 1.16 0.86
5. Conclusions
(1) The tendencies of vibration acceleration and energy are the same. With the increase of 
propagation distance, they will decrease according to the power law correlation. With the increase of 
percussive hammer height, the vibration velocity will increase. So the velocity can be controlled by 
lowering the percussive hammer height. With the increase of excavating depth, the vibration velocity will 
decrease gradually in the same horizontal distance. The decaying range relates to the geology of the pipe 
depth.
(2) With the increase of excavating depth, the maximum vibration velocity will decay with the 
increase of propagation distance, but not very obviously.
(3) The maximum acceleration of compound wave relates to the soil. It is small in the soft soil, 
about 20%-40% of the maximum acceleration caused by seismic. So, even under the most serious 
situation, the influences of the compound wave to the gas pipeline are comparably safe.
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